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EFFECT OF SLOT -ENTRY' SEERT EXTENSIONS ON 
AERODYNAIGC CEAPACIERISTICS OF A WINQ SECTION OF TEE . 
XB-36 airplane equipped WITH A DOUBLE SLOTTED FLAP 
By Jones F. Cahill 

SUMMARY ■ ■■ 


An investigation was made in the Langley two-dimensional 
iov -turbulence tunnel cai a wing secticaa for the XB-36 airplane 4#<iaipped 
with a double slotted flap to determine the effect on lift end 
dreig of various slot-entry skirt, extensions . Aerodynamic loads 
were also determined for the flap and fore flap. 

A skirt extensicaa of 0 .787c was found to provide the test 
combination of hi^ maximum lift with flap deflected and low drag 
with flap retracted. The data showed that the maximum lift at 
Intermediate (20° to i|-5°) flap deflections was lowered considerably 
by the slot-entry extension; but at hi^ flap deflections the 
effect was small. An increase in Reynolds number frcxa 2.4 miUicai 
to. 6.0 million increased the maximum- lift coefficient at a flap 
deflection of 55° from 3*12 to 3»3C and frcaa I.18 to 1.4o for the 
flap retracted coadltion., but did not greatly eiffect the maximum 
lift coefficient for intermediate flap deflections . The flap and 
fore flap load data indicated that the maximum lift coefficients 
at hi^ flap deflections are limited by a breakdown in the flow 
over the -flaps,. 


INTRODUCTION 


At the request of the Army .Air Technical Service Coiaaand^. 
tests were made in the Langley two-dimensional low -turbulence tunnels 
on an airfoil model with a double slotted flap submitted by the 
Consolidated Aircraft Corporation. The model, which represented an 
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intermediate in^board wing section of the XB-36 airplane was first 
tested to determine the effects on lift and drag characteristics 
of various skirt extenslcns ' at- the slot, entry- at a Reynolds number 
of 2.4 X 10°. Lift and pitching -mcpent characteristics for flap 
deflections from 0° to 55° and the effect of a slot seal on the 
drag characteristics with' flip retracted were determined at a 
Reynolds number of 6.Q x 10° with the slot extension which ■was 
found to provide the best confblnation of. hl^ jnaximum lift coef- 
ficient with .flap deflected .and low drag with flap retracted- 
Aerodynamic loads for both the flap- and the fore flap ■were determined 
from pressiire-distribution measurements. 


SyMBOIS 


Cl section lift coefficient 

C2^' ' section, lift coefficient at 0° angle of' attack 

cj section -.maximum lift coefficient . ' . 

max 

-. section. pi ■tching-moment coefficient about ■the airfoil 
c/4 . -. .. q^-uarter' chord point 


.Cd 

°nf 

c_ 

Uff 


section angle of, attack 
section drag coefficient . . 

-flap section .noitKl ’ force coefficient based on flap chord 

fore flap .secti<3n' nortnai force'" coefficient based on fore 
‘ flap; 'chord ... . ' . . " ‘ ' ■■ -■ . 

flap section chord force cdefficient based on. flap chord 

fore flap sectlcai chord force coefficient based on fore 
flap chord' 

flap section moment coefficient about flap leading edge 
based. on flap chord ■. 


®m^f 


fore flap section moment coefflcien'b about fore flap leading 
edge based oh fore flap chord , ■ 

airfoil chord 
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8^ flap deflection, degrees 

X, 7 iiorizcxital and vertical positions’, respect! velj, of flap 
reference point measured from, trailing edge of slot lip 


AP 


pressure -difference coefficient , 


Sq •- Pu _ Sq ~ Pi 

1o 


■where 

Hq free -stream total pressure 

p^, pj_ ■ local static pressure at a point along the chord, on upper 
and lower surfaces, respectively 


free -stream dynamic’ pressure 


■ MOIEL Alb lESlS . ; ' - 

The "body of the airfoil ■was cons-feructed. of ^ laminated mahogsny 
and the flap and fore flap were made of steel, A sketch of "the ' 
airfoil and flaps is shewn in figure l.and ordinates are given in 
■table 1. The airfoil section was formed by a fairing be'tween i±ie 
MCA 63,4-422 root section and MCA 63(420)-51T tip section of ■the 
XB -36 'Wing and was approximately 21 . Ij. percent -thick. 

For the purpose of presenting the flap and fore flap loads, 
a chord line was defined for the fore flap as -the maximum leng-hh 
line throu^ the leading and trailing e^es . nhls chord line made 
an angle of 41.2° ■wl'th the flap chord line and defines -the fore 
flap chord length as 8.33 percent of -the ■wing chord. The flap and 
fore f^p ■were fixed together and were designed to operate as a 
single uni^t. ihe chord of -the double slot-ted flap was then -24.5 per'- 
cent 'of the wing chord. When plotted, -the ordinates as given in 
■table J show -the flap .and fore flap- in -their correc-t relative posi -felon. 

Exploratory tests were made at a Eeynolds number of 2.4 million 
to determine -^e. effect cn lift and drag characteristics of various 
skirt extensions at -the slot entry as shown in. figure 1, All of -the 
succeeding tests were made wi-th the slotTentry skirt extensicai which 
was found to provide the best cemibination of high maximum lift coef- 
ficien-fes with flap deflected and low drag coefficients wi-th flap 
re-tracted. The lift and mcaaent charac-feeri sties of -fche model were 


k 


NACA EM No . L7A29 


determined for various flap deflections at a Reynolds nvimber of 
6 million. The effect on the drag characteristics of a seal that 
prevented the leakage of air throuj^ the slot when the flap is 
retracted was also Investigated at a Reynolds number of 6.0 million. 
Pressure -diatrihution measurements were made at a Reynolds number 
of 2 .1)- X 10° for the purpose of' evaluating the flap and fore flap 
loads. The effect on the lift characteristics of small deviations 
of the double slotted flap from its normal position was investigated 
at Reynolds number of 2 .4 million . 

Lift, drag, and pitching-moment tests were made by the methods 
presented in reference 1 and the data wears corrected to free air 
values according to the methods given in the appendix of reference 1. 


RESULTS AND DISCUSSION 


Data are shewn in figure 2 for tiie airfoil with the flap retracted 
with various slot-entry skirt extensions . The gap between -Idae flap 
and Ihe slot lip was kept sealed during these tests . The skirt 
extension is shown to have very little effect on the lift character- 
istics . The drag coefficients of the model with no skirt extenslcn 
are considerably hi^er than those with either of the skirt extensions 
in the range of lift coefficients probably used for both high-speed 
and cruising f li^t • It may be noted that over a fairly large range 
of lift coefficients the drag for the^ intezmediate skirt extension 
is lower than that with the longest skirt. It is thou^t that this 
phenomenon is due to spanwlse flow of lew energy air throug^kx the slot 
and away from the plane of measurement of the drags when the model was 
equipped with 1^,6 intermediate extension. Because the longest skirt 
completely fairs over the gap at the slot entry the measurements with 
the longest skirt are probably more reliable and it would be advisable 
to use the higher drag for either of, these conditions. The effect of 
unsealing the flap gap on the drag characteristics at a Reynolds number 
of 6 .0 mllllcai is shown in figure 3 ■ ■ seal is shown to provide a 
consistent decrease in the drag coefficients for all lift coefficients 
below about 1.0 at Ihls Reynolds -number . ■ ’ 

Flgvire 4 shows the effect on lift characteristics ,of various . 
skirt extensions at a flap deflection .of , and a Reynolds number of 

2 .4 X 10^. The shorter skirt extensions , are shown to cause a decrease 
in the lift curve slope and in -the maximum lift coefficient . The 
longest skirt ex-tension also causes, . in addition to these, a change 
in the zero lift angle. 

Lift charac-berlstlcB for flap deflections from 0° to 55° are 
shown in figure 5 for -three skirt extensions . .The maximum lift 
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coefficient and the lift coefficient of 0° angle of attack are 
plotted against flap deflection in figure , 6 . This figure shows that , 
althou^'the lifts at the highest and lowest deflections are not 
greatly affected "by the skirt extension, at intermediate deflections 
■between 20° and 45° approximately, a large loss in maxlTnum lift is 
caused by the skirt extension of 0 .825c . Hie 0 -TSTc skirt extension 
has little effect on "the lift at 0° angle of attack but the 0.825c 
extension decreases the lift considerably fcr flap deflections of 
30°" and 40° . A sketch of the rear part of the airfoil with the flap 
: deflected 40° is shown on 'each ‘sheet of figure- 5. A oompariBon of 
■these sketches' shows that -the longest skirt extension blocks off the 
fore flap almost ccanpletely at -the 4o° deflectirai. This blocking of 
■the flQWbhrou^ the slot between, ■the flap and ■fche slot lip is probably 
■the cause . c£ the decrease in lift -wl^th ■this skirt extension . At ■the 
hi^er deflections (50° and 55°) the slot is no longer completely 
blocked (fig- l) • , 

From the results of ■toe preceding tests , toe 0 .J&Jc skirt extension 
was chosen for toe remainder, of the in^vestlgation, "because the loss in 
maximum lift coefficient resulting from toe use-- of this extension is not 
great and some decrease in drag can be expected below that of toe ■wing 
with no skirt extension . ’ 

Lift characteristics for the model ■with ■toe 0.787c skirt extension 
at a Eeynolds number of 6 million are shown in figure 7 • The maximum 
lift coefficien^bs- are' approximately the same as toose ob'tained 'at ■the 
lower Eeynolds number for •toe Intermediate flap deflections (see 
fig. 5(b)), but toere is a noticeable increase in- ■toe maximum lift 
coefficients for boto ■the highest deflect! cais (50° and 55°) a^id for toe 
flap retracted condition. The highest maximum lift coefficient measured 
at this Eeynolds number was 3 r 30 at a flap deflection of 55° ccaapared 
to a value of 3*12 at aEe^olds number of 2.4 X lO^s Pitching -moment 
coefficients of toe model fof 'toe Q .J&Jg skirt extension at a Eeynolds 
number of 6.0 million are shown' in figure 8. It may be seen ■toat large 
changes in trim and stability may be expected torou^ toe angle of 
attack range wito the flap dsflected. The trim changes eure.not serious 
since toey occur at lift coefficients well below toat at which ■toe flap 
would normally be deflected. The sta"bllity changes are impor^fcant, ho'w- 
ever, since ■they are des-fcabilizlng at high lift coefflclen^bs and may 
■tend to prcanote adverse s^fcalling characteristics . 


Flap and fore flap load data are shown in figure 9. The da^fca 
include normal and chord force coefficients and moment coefficients 
about -toe flap and fore flap leading a^es . The force and mcanent 
coefficients are defined with respect to .toe flap and fore flap chord 
lines. The flap and fore flap loads show a uniform variation wi^th 
flap' deflection up to a deflection ■ of 4o°. Above a deflection of 4o° 
toe loads not only cease to show a unifrcaa variation with flap deflection. 
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Tjut also show irregular variations with lift coefficient at a given 
flap deflection. EefejronCe t° figure shcnfs 'that, at this • 

Reynolds number, the lifts also cease to increase with flap deflection 
■ahove a deflection of 40°. . Load distrihution diagrams for an angle 
of attack of 6 .1° at flap deflections of 40° and 55° B.re shown in 
figure 3.0. These load distrihution diagrams show that the flap is 
stalled at the 55°’ deflection although the f3.ow over the fore flap 
remains good.. The flap stall, of course, causes a decrease in the 
load over the entire airfoil and, as. shown in figure 9(13) > causes 
the load on the fore flap to stop increasing with flap deflection. 

These considerations show that the loss in flap effectiveness ahove 
a flap deflection of 4o° is caused hy a hreatoio^m ’ in the flow .over ■ 
the flap , ■ . ' ’ , . ■ ' 

■ : Fore flap nowmaX force noefficients have previously been reported 

(reference 2) which were as hi^ as 5*0* This noimal'-force coef- • 
ficient was measured, however, at a flap deflection of 65 ° while the 
fore flap nonnal-force coefficients in reference 2 for lower, deflections 
(409 and helow) were about of the same magnitude as ti^ose for the 
comhination reported in this pape.r.. Because the loss in lift effective- 
ness for this airfoil-flap pomhination is a result of the breakdown 
in the flow over the' flap and becauee- a similar double slotted flap 
arrangement tested oii etnother airfoil (reference 2) showed that it 
was possible to maintain good flow characteristics to higher deflections 
by a proper arrangement of flap and fore flap ■positions, it is possible 
that-.the flap- and fore flap positions for -this combination could .be 
changed provide hi^er ll.fts ^d higher flap loads at, higher flap 
deflections . ' 

In order to de-fceimlne the effect on maximum lift of small changos 
in flap position, lift, da-f^a.were obtained at flap deflections of 20° 
and, 30? for flap positions slli^tly displaced from’ the positions 
corresponding to the predetermined flap path (fig. l). These da-ta are 
shown in figure 9* ^e maximum lift coefficient for the 20° deflection 
was . decreased by the change in position •while -tixe maximum lift coef- 
ficient for -the 30 ° deflecticm was- increased. 

C0NCLT3SI0HS 


A model of a ■wing section of the ZB -36 airplane was .tasted in 
■the Langley two-dimensional low-^tur'bulence tunnels to shew the effects 
of various slot .entry-skirt extensions on the aerodjmamio character- 
istics . ■ The results of these tests provided the following conclusions ; 
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1 . A skirt extension of O.jSjc was found to provide tiie test 
combination of bi^ maxiinum lift with flap deflected and low drag 
with flap retracted. 

2 . . !The maximum lift coefficients of the model with the flap 
at intermediate deflecticsis ( 20 ° to 45°) were largely decreased by 
the slot-entry skirt extenslcSij but at higher deflect! eras the effect 
of the entry skirt on maximum lift, was negligible . 

3 • An increase in Reynolds nximber from 2 .4 millicn to 6,0 million 
Increased the maximum lift coefficient from 3.12 to 3. 30 at a flap 
deflection of 55°^ and from I .18 to 1.4o for the flap retracted con- 
dition but did not greatly affect the maximum lift coefficient for 
intermediate flap deflect! cne . 

4. Flap and fore flap load data indicate that the ma-irt-mu-m lift 
coefficients at high flap deflections are limited by a breakdown in 
the flow over the flaps . 
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TABIE I.- ORDINATES FOR MODEL OP IKTEEidEDIATE 
INBOARD WING SECTION OP XB-56 AIRPLANE 


All stations and ordinates in percent of 
airfoil 'Chord with respect to airfoil 
chord line 


Airfoil Section 
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WstiM a B«otlon lift and drae obaMfttdrlatloa of a alog aaoUeu of tha XB-56 alrplano oqolppod alth a doubl* alottad 
flap wllli TavlooB aklit oxtenalona. Plap ntraeted} B > 2.1^ x 10^; flap gap aaoloda 
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Fig. 3 
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Figure 3 — 

of a wing section of the 


Effect of flap gap seal on section drag characcerlstics 
XB-jb airplane equipped with a double 


slotted flap, 0,787c ahlrt extension} R = 6.0 x 10^ 
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(a) Xo Bfclrt extonalon. 

Figure S Section lift oharaoterietlos of a wing section of the XB-56 airplane equippoa 
with, a doiible slotted flap with vertoua aldrt extensions. R = 2.4 x 10^. 
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Fig. 5b 
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Section lift coefficient 
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Fig. 6 
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Figure d Variation of maximum section lift coefficient 
and section lift coefficient at 0° angle of attack with, 
flap deflection for several different slot entry skirt 

extensions. R = 2, h ^ 10^. 
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Figure 7 Section lift charaoteristioa of a wing aection of the airplane 

equipped with a double alottad flap. 0.787^ skirt extenaionj R = 6 x 10^. 
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VlSQPO 8 >- Bootlon pltoblng ■cai«nfc ohajtoiePlBtlOf of a aaotloa of the XD-^.tirpleuM equipped with a donhle slotted 

flap. 0.7870 aklrt exteoalon; R “ 6.0 x 10 °. 
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Seotloc lift ooefflolent, 

(a) Flap*. 


Figure D Section force and moment oharaoterietloe for a double slotted flap on a 
wing section of the airplane. 0«7d7c skirt extension; R s Zmlf. x 10^. 
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Fore flap oeotion normal force coafflolent, Oj, Poi.e ^xap aaotlon chord force ooefflolent, Cg.. coefficient, Og.^ 
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Fig. 9b 
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Pigopo to •- i^a(t dlotrlbutilonp for an airfoil aeotlon of the XB-^ airplane equipped 
with a doobla alottad flap. R = 2,1|, x 10^| 0*7870 aklrt extenalod. 


NACA RM No. L7A29 Fig, 10 








NACA RM No. L7A29 


Fig. 11 
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Figure 


Effeot on lift ^lara&terle ties of small changes in flap posltlonc 
0*7379 skirt extension. 
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